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Abstract—In this work, the Al/GO/Si/Al RRAM device was fabricated with solution-processed graphene oxide (GO) thin film at low temperature (50℃). A superior electrical performance and stable operation of the device has been achieved showing typical bipolar resistive switching characteristics with operation voltage lower than 3 V, retention property sustained over 104 s and endurance over 102 cycles. The results suggest that the solution-processed GO thin films exhibit great potential for use in the flexible device.
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I.	 Introduction
The resistive switching (RS) effect of dielectric layer for RRAM has been explored and several materials considered including metal oxides, organic materials and carbon-based materials.[1] Graphene oxide (GO) has been researched extensively as a significant class of carbon-based materials. With characteristics comparable to other thin‐layered oxide materials, advantages of being atomically thin and electrically insulating make GO the perfect candidate for the fabrication of memristive devices. Besides, the water solubility of GO makes it facile to be transferred onto any substrate with the form of thin film by simple methods of drop-casting, vacuum filtration, etc.[2] In addition, large amounts of literatures reported that the fabrication temperature of GO thin film is higher than 100℃ during the fabrication process  ADDIN EN.CITE [1-3]. In this study, the Al/GO/Si/Al RRAM device was fabricated with the solution-processed GO thin film at low temperature (50℃) onto the silicon substrate. Enhanced electrical performance of the device including typical resistive switching with low operation voltage (<3 V), long retention time (>104 s) and long endurance cycles (>102 cycles) have been demonstrated. In addition, due to advantages of low fabrication cost and simplified fabrication process, the solution-processed method with low fabrication temperature demonstrated the great potential of GO thin films to be applied onto flexible substrate. 
II.	Experimental
The GO was prepared with the modified Hummers method  ADDIN EN.CITE [3, 4]. 10 g graphite powder and 30 g KMnO4 were added and stirred in 120mL H2SO4 (98 %) for 4 h at 35 °C. Then 250 mL di-ionized (DI) water was added to make the solution diluted and stirred for 4 h. After filtering the solution, the suspension liquid was washed with HCl (4 %) on the filter paper to remove inorganic impurities and further washed with 500 mL DI water to clean the residual acid. Finally, the suspension liquid was dried to produce graphite oxide. 4 mg graphite oxide powder was added to 40 mL ethyl alcohol with 6 h ultrasonic process, which was stirred each 30 min. After the ultrasonic process, the solution was centrifuged at 5000 rpm for 15 minutes with the supernatant collected. The supernatant was spin-coated to the Si substrate at a spin rate of 1500 rpm for 40 s and annealed at 50℃. After that, 40 nm Al thin films with a diameter of 0.1 mm were deposited on the GO layer and reverse side of the Si substrate by e-beam evaporation, respectively. The completed structure of Al/GO/Si/Al RRAM device is shown in Fig. 1. The Agilent B1500A high-precision semiconductor analyzer was employed to measure the switching properties including resistive switching characteristic, resistance distribution, retention and endurance properties at the room temperature.

Figure 1. 	A schematic cross-section  of Al/GO/Si/Al RRAM device.
III.	Results and discussion
I-V characteristics of Al/GO/Si/Al RRAM devices are shown in the Fig. 2, which is the typical bipolar resistive switching (BRS) characteristic measured with a voltage sweeping mode at room temperature. The voltage bias is applied to the top electrode and the bottom electrode is grounded. Bistable RS between high resistance state (HRS) and low resistance state (LRS) can be observed. During the measurement of RS characteristic, the operation voltage of set and reset was from -2 V to +2.5 V. In addition, the ON/OFF ratio presents a stable value of ~103. The resistance distribution at LRS and HRS with the 1.0 V read voltage is shown in Fig. 3. Narrower resistance distribution is the presentation of preferable resistance uniformity, which can be used to prove the stability of RRAM devices. Compared with the resistance values at HRS, the resistance values at LRS show the preferable uniformity.  Hence, the stable reliability of Al/GO/Si/Al RRAM devices can be obtained at LRS.

Figure 2. 	Bipolar resistive switching characteristics of Al/GO/Si/Al RRAM devices.

Figure 3. 	Resistance distribution of Al/GO/Si/Al RRAM devices at HRS and LRS.
Figs. 4 and 5 present the retention and endurance properties of the Al/GO/Si/Al RRAM devices at HRS and LRS, respectively. Fig. 4 shows that the retention time can sustain over 104 s. The retention property of Al/GO/Si/Al memory devices was read at 1.0 V operation voltage, from which a negligible degradation of the electrical conductivity for both ON and OFF state can be observed before 103 s. However, an obvious increase can be seen from 103 s to 104 s. According to Fig. 5, the endurance property is evident from the stable current ratios for more than 100 cycles. In each cycle, the resistance values are read out at 1.0 V. The difference between LRS and HRS is more than 103.

Figure 4. 	Retention property of Al/GO/Si/Al RRAM devices.

Figure 5. 	Endurance property of Al/GO/Si/Al RRAM devices.
IV.	Conclusion
In summary, the Al/GO/Si/Al RRAM device is fabricated with the solution-processed GO thin film at low fabrication temperature. The electrical performance is investigated with RS characteristics, resistance distribution and properties of retention and endurance. The high ON/OFF ratio (>103), low operation voltage (<3 V), long retention time (>104 s) and long endurance cycles (>102 cycles) present the enhanced electrical characteristics and stable reliability of the devices. In addition, the solution-processed fabrication methodology of GO thin film reveal the great potential of GO dielectric layer in the flexible device.
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